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1.5 Summgary

This report forms part of the Gemini Spacecraft Performance Specification

(Reference 1) and gives the detail criteria for the design of the structure. |

‘The structural design qriteria as described herein for the Gemini space=~
craft is aﬁ%licable for all spacecraft as the missions are currently
projected. It is planned that this report will be revised as new reguire=~
ments arise eitner from cranged or edded.missions or from more refliaed

analysis of the current missions.

i
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1.6 Introduction

The basic mission of the Cemini Spacecraft requires that it be launched
into orbit with two astrdﬁnuts in control using the Titan II ICBM launch
vehicle, that a rendezvous maneuver be performed to bring the spacecraft
adjacent to & previously launched Agena vehicle, that the spacecraft dock

and become secured to the Agena vehlcle, that the spacecraft perform maneuvers

in orbit using the Agena for propulsion, and that the spacecraft be capable
of remaining in orbit for two days for this mission and returning the astronauts
4 safely to the earth's surface. An alternate mission for the Gemini Spacecraft
and crew requireS the capability for performing orbital miaaions'of up to 1k
days duration. The early spacecraft will deploy a parachute and will be
designed to land only in the water. Later spacecraft will deploy a paraglider
for landing at a predetermined prepared land site; however, these spacecraflt-
will also be designed for landing in the water. :
The criteria presented herein are based on Government specifications or
parts thereof which are considered to be applicable to an ordbital vehicle and
on NASA/McDonnell experience in the development of the Mercury Spacecraft and

the Mercury Spacecraft components.

Th= basic data, inclﬁding vehicle darrangement, design wéights and environ~ |

ment are presented in Part Two.

" The criteria for loads, teuwperatures, operational phases, and various !
components are presanted in Part Three,

The Target Docking Adapter criteria are presented in Appendix A.
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2.1 OSpacecraft Description

The Gemini Spacecraft general arrangement is shown in Figure 2.2. The
spacecraft consists of two basic sections: the Re~entry Module and the Adapter
Module. }

The Adapter Midule 1s made up of three sections. Adjacent to the lauach i
vehicle 15 the launch Vehicle Mating Section which rema&ins with the launch

vehicle after separation. HNext is the EZquipment Section which contains the

" propulsion, control and other equipment needed for orbit and rendezvous. This

section {8 retained in orbit and is released prior to retrograde. Adjacent to
the Re-entry Module is the Retrograde Section which contains th: retrograde
rockets requir=d for de-orbiting. This section is released following Retrograde.
The Re-entry Module has an internal prassure vessesl for the two astronauts.
The pressure vess=]l is shaped so as to leave spaca between it and the outer
conical shell for equipment. In the ra2-entry attitude, the forebody consists
of an ablative type heat shield and tﬁe afterbody consists of heat resistant ;
shingles. After re-entry, the carly spacecraft will deploy a parachute and
the Re-entry MBdule will 1and in water with the Z axis inclined to the vartical.
On later spacecraft, a paraglider will be deployesd and the vehicle maneuvered
for landing by moving the center of gravity relative to the paraglider. This
i3 accomplished by changing the lengths of the cables between the paraglider
and the Re-entry Module. A tricycle ski type landing gear is provided for'land—
ing on a preparsd designated landing site.
The Cemini Spacecraft is design=3 to be launched on a Titan II ICBM

launch vehicle,
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2.3 Spacecraft Desi;m Weights

The weights to be used for structural design loads are presented in the

following sections which correspond to the phases for which the criteria is

established, These weights are for structural design only. A range of weight

or a maximum weight is shown for each phase, The weight within this range pro-

ducing the most critical loads shall be used. The weight distribution used

sﬁall be that for a spacecraft meeting the nomirial weight requirements, The ex~
tremes of the ranges or the paximum weight shall be covered by multiplying the
distribution by the ratio of the extreme weight to the nominal weight, The nomi-

nal Design Launch Weight is 7,000 1bs. and the incremental weights correspond to

this value,

2.3.1 Design launch Weight (6500 to 7500 1lbs,)

Spacecraft weight during boost phase from launch until just prior to

separation from the launch vehicle,

2.3.2 Design Orbit Weight (4,50 to 7450 1bs,)

Maximum spacecraft weight in orbit, It is the Design Launch Weight

less the launch vehicle mating section and propellant utilized during
separation,

2,3.3 Design Rendezvous Weipght (6200 to 7200 lbs,)

Spacecraft weight for docking loads and maneuver loads after docking.

It is the Design Orbit lieight less one half the orbit correetion and
rendezvous maneuvering propellant,

2.3.4 Design Retrograde Weight (4800 to 5800 1lbs,)

Spacecraft veight just prior to retrograde firing. It is the

Design iendezvous Weight less the equipment section of the adapter,
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2.3.5 Desim Re—entry Weisht (4050 to 5050 1b.)

Spacecraft weight upon re-entry into the atmosphere., It is the
Design Retrograde Weight less attitude propellant and the retrograde
saction of the adapter.

2,3.6 Design Deplovment Welshts

2.3.6,1 Desisn Dropue Parechute Deployment Veight (4730 1b.)

Spacecraflt weight at the time of deploying the drogue
parachute and/or pilot parachute.

2.3.6.2 Design Main Parachute Deployment Weight (4.00 1b.)

Spacecraft weight including parachute at the time of
deplo;xng the main parachute,

2.3.6.3 Desizn Paraglider Deployment Weizht (3650 to L&5(U 1b.)

Spacecralt weight at the time of initiating the paraglider
deployment sequence. It is the Design He-entry Weight less atti-
tude propellsnt, abilative material, pilot chute and paraglider
housing.,

2.,3.7 Design landing Weizhts

2.3.7.1 Design Parachute landing Veirnt (4300 1b.)

Spacecraf't weight impacting the wvater. It is the weignt
suspernded under tae parechute.

2.3.7.2 Design Parsglider Landing Weight (3300 to 4300 1b.)

Spacecralt weight during landing runout or impacting the
water. It is also the weight suspended under the paraglider.
It is the Design Puraglider Deployment Weight lees paraglider
ana propelleant jettdson,

2.3,8 Lesign riotation Welpht (3300 to 4300 1b.)

This is Lie bune as the maximum landing Weight.

b o v —
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2.3.9 Design vater Recovery Weisht (5500 to 6500 1b.)

Design Flotation Weight plus 2200 lb. of trapped water.

2.3.10 Design Abort Weipht (4900 to 5900 1b.)

2.3,11 Design Transportation Weisht (6000 1b.)

2.4 Standard Atrmospncre

and Figure 2.4.3 as a function of altitude,

This is the weight to be hoisted after a water landing. It 1s the

The spacecraft weight at the initiation of separation from the
launch vehicle for an abort. It is the Design launch Weight less tle

lzunch vehicle mating section and the equipment section of the Adapter.
\
The weight for hoisting, handling, and transporting es a unit.

. s . 1 v 2
411 loads and temperature calculations shall be based on the atucs. ~..oo

.s defined in Reference (2). Density and messure are shown on Figure 2.4.2
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2.5 Wind Shear and Velocity °

The wind shears and velocities to be considered for structural design
purposes are as follows:

2.5.1 Hominal Wind VYelocity

This is the median annuel scalar velocity as given in Reference (3).
It .i' shown on Pigure 2.5.2.

2.5.2 Design Wind Shear

At amy altitude a maximum shear not exceeding the design wind shear
shown on Figure 2.5.2 shall be T;':omid;ared to exist. These values corre-
spond approximetely to those given in Reference (3) as the sunual values
with a 99.865% probability of not being exceeded. Approximste values for
vind sheers with an 84.1% probability of not being exceeded are alsoc shown
on Figure 2.5.2. These values are comparable to one sigme values for
normel distributions,

2.2.3 Design Wind Velocity

Starting at the noainal wind velocity at any altitude a positive
wvind velocity gradient not exceeding the design wind shear given in
2.5.2 shall be cansidered to exist until the peak wind velocity is
attained. - The peak wind velocity shall not exceed the design wind
velocity shovn om Figure 2.5.2. This corresponds approximately to the
argruel scalar value given in Reference (3) which has a 99.865% probe-
bility of not being exceeded. Approximete values for wind velocities
with an 84.1% probebility of not being exceeded sre alsc shosm on
Filgure 2.5.2. These values are comparable to one sigms values for

normel distributions.
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2,6 Gusts

Strength shall be provided for loads associated with isotropic sharp edged
gusts of 30 fps, equivalent airspeed, below 40,000 feet and 60 fps, true airspeed,
above, 40,000 feet neglecting penetration effects and with an alleviation factor
of 1,0, Gusts shall be considered separately or in conjunction with the wind
shears of Section 2,5, When combining the'gust'vulocities with the wind shear
requirements, the sum of the wind plus gust velocities shall not exceed the
design wind velocity shown in Figure 2.5.2.
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2.7 Mzteoroid Enviromment

The meteoroid environemnt shall consist of the near-earth and cislunar
sporadic meteoroids and the major meteoroid streams, The specific environment
based on data from Reference (4) is defined in the following paragraphs.

2,7,1 Near Earth and Cislunar, Sporadic Metcroids Flux, Mass:

LOG N = ~1,34 log m - 10.423
Whére N = number of impacts per square foot per day
m = mass in grams
Density: 0.5 gm/ce, all particle sizes
Average Geocentric.Velocity: ‘30 km/sec, all particle sizes,
The flux-mass relationship stated above is shown graphiqally in Figure 2.7.3.
The flux relation given above is.an average of the monthly variations, ror a
particular period, the factors from Figure 2,7.4 are used. Since the cporadic
meteroids are non-directional, the above criteria are applied to the surface
area of the vehicle. All velocities are assumed to be directed normal to the
target surface,

2,7,2 Near Earth and Cislunar, Meteoroid Streams Flux, liass:

I0G N = «1,34, logm = 2.68 log V ~ 6,465 + log F
Where N = number of impacts per square foot per day

m = mass in grams

V = geocentric velocity of the meteoroid stream (&m/sec)

F = ratio. of accumulative meteor stream flux to the sporadie
meteor flux. The value of F, the period of activity,
and the geocentric velocity of the major streams are
shown in Table 2.7.5. The integra’ -« value of F for
any given date during the entire year is shown in

Figure 2.7.6.

[P
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Density: 0.5 gm/cc, all particle sizes

Geocentric Velocity: As shown in Table 2.7.5. Since the meteoroid

streams are directional, the above criteria
are applied to the projected area of the
vehicle. The vehicle shall be given the most
critical orientation relative to the strean,
That is, at any time, the largest projected
area of the vehicle or component is to be
used.

2,7.3 Shielding Factor

&

The shielding factor accounts for the fact that in the vicinity of the
earth, meteoroids whose velocity vectors lie within a cone with the apex at the
spacecraft and surface tangent to the surface of the earth have intercepted
the earth's surface. Consequently, the spacecraft is effectively shielded from
these meteoroids. 'To account for this, a near earth shielding factor of 0.5

shall be applied to the surface area of the spacecraft.
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Average Value (Flux-Mass Equation)
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FIGURE 2.7.4~-YEARLY SPORADIC METEOR FLUX.

‘r.v.m.m__._.w ,,k
i
!




P T e

[PRTIPRIL I S N e ]

e R

N SR <
SAVE e L ST, LOUIS, MISSOURIL PAGE -
REVISED REPORT il
& Y e n T e d
REVISED MODEL k-
Tab](’ 2070 ‘é !
Periods of Activity, Relative Frecuencv, ard ’
Velocities for lajor ietesr Lireois !
Geocentric |
Period of Cate Velcocity f
. ™ N
Name Activity Max, Srax, (xv/sce) §
Quadrantids Jan 2«4 Jan 3 L2

Iyrid April 19-22

h ~Aguarid May 1-8
O-Cetdid Hay 1423
Arietid May 29-June 19

¢

$ ~Perceid June 1~16

3 =Taurids June 2L~July 5
July 26-Aug 5

Prseid July 15-Aug 18

§ -Aguarid

Oct %10
Urionid Cct 15=25

arieiid, Oct~Nov
Southern

Taurids, Cct 26«Nov 22
worthern

Taurids, Nov
§ wignt
i
; Taurids, Cct 26-liov 22
E Southern
Ieonidy nov 15=20

Dieliids lov 15-Dec 6
Geminid lov 25-Dce 17

Ursids Dec 20-24

April 21
May L6

May 14-23

June 6
cune 6
June 286

‘July 28
Aug 10=14
Oct 10
Oct 20-23

Nov 5

Nov 10

hov 5

Nov 16-17

vee 12«13

Jee 22

1.5

5.C

20

1.1

O.d

1.0

0.9

0.9
2.5
LG

2.5

P B T i . - P A
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<

e

annually except ron Cia
creriodic pak every 5.9 vears and the eontra peak of the Leonids evaery
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PART THREE r CRITERIA

3.1 Linmit and Ultimate Conditions

Limit loads and heating effects result i{rom environmental conditions
arising from normal mi:sion, as described in this part, combined wit}; the
effects of any single malfunction. Abort or seat ejection ghall not be
considered a malfunction in this definition. In the case of malfunction
of a single retrograde rocket, causing only three out of four to fire,
maneuvering restriction shall be placed on the re-entry flight to preclude
exceeding the structural limitations required for the nominal mission,

Ultimate loads are 1.36 times limit loads nth the following exceptions:
1. For retrograde rocket pressures on the blast shield and water irpact
pressures on the re-ent;-y mdule, ultimate design loads may be equal to
limit loads and damage to the structure shall be acceptable provided that
astronaut safety and flotgtion requirements ares met.

2. A ninimm margin of safety of 25% shall be maintained as defined below
for the following elements or assemblies

Aa. landing Gear and Support Fittings -~ All joints where structural

integrity could be dependent on & single bolt or pin and the design ‘

condition is defined by landing loads.

b, Paraglider - All Jjoints where structural integrity‘ could be dgpendent

on éx aing]\.e bolt or pin and the design condition is defined by paraglider

deployment or maneuvering.

c. Hatch Actuation - Hatch actuator, latching mechanism and all joints

where structural integrity could be dependent on a single bolt or pin and

the desipn condition is defined by hatch actuation.
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3.1 Limit and Ultimate Conditions

limit loads and he@ting effects result from environmental conditions arising
from normal wission, as described in this part, combined with the effects of any
single malfunction. Abort or seat ejection shall not be considered a malfunction
in this detinition; In the caee'of malfunction of a single retrograde rocket,
causing only three out of four to fire, maneuvering restriction shall be placed
on the re-entry flight to preclude exceeding the structural limitations required
for the nominal mission.

Ultimate loads shall be limit loads multiplied by the Factor of Safety. The
required factor of safety shall be 1.36 with the following exceptions:

(1) For retrograde rocket pressures on the blast shield and water impact
pressures on the re-entry module, ultimate design loads may be equal to lindt
loads and damage to the structure shall be acceptable provided that astronaut
safety and flotation requirements are met. The required factor of safety shall
be 1,00,

(2) For the crew hatch and hatch actuator, the required factors of safety
shall be 1.10 and 1.25 respectively, where the design condition is defined by
hatch actuation with the actuator in tension, provided the load is substantiated
by test.

(3) For the drogue parachute support structure, the minimum factor of safety
shall be 1,36 for the normal mission and 1,10 for the case of a re-entry from the
v—]f'abort boundary (Figure 3.5.3) with a failure of the attitude control system
(without rate damping). This value is used because of the improbable combination

of events that would be required to reach this extreme condition.
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3.1 Limit and Ultimgte Copditions (continued)

(L) For the personnel parachute canopies, the required factor of safety
shall be 1,10 based on the minimum failing strength. This value is used because
of the improbability of all of the necessary circumstances combining to produce
the design condition and the probability that the canopy strength does exceed the
minimum, The minimum failure load of the C-9 type canopy, which is being used
by the direction of NASA, is 5,000 pounds and the nominal capability is 6,500
pounds. In order to reach the design condition for deployment of the personnel
parachute, ejection must occur at a particular altitude during launch and the
seat must be oriented in a unique attitude, In this attitude, the barostat,
which initiates parachute.deployment, senses ram pressure superimposed on static
pressure causing premature parachute deployment.

In addition %0 the required factors of safety listed above a minimum margin
of safety of 25% shall be maintained as defined below for the following elements
or assemblies. ¢

(a) landing Gear and Support Fittings - All joints where structural
integrity could be dependent on a single bolt or pin and the design condition is
defined by landing loads.

- (b) Paraglider and Support Fittings - All joints where structural integrity
could be dependent on a single bolt or pin and the design condition is defined
by paraglider deployment or maneuvering.

(¢) Hatch Actua@ipn System ~ Hatch actuator, latching mechanism and all
joints where structural integrity could be dependent on & single bolt or pin

and the design condition is deiined by hatch actuation.
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3.1 Limit And Ultimate Conditions (continued)

Ultimate heating effects are those obtained by increasing limit temperatures
200°F or heat inputs by 15% whichever is critical for re-entry and increasing
limit temperature 100°F for boost, except for items inside the pressure vessel. '
Structure inside the pressure vessel which 1as not attached to the skin and has
no significant thermal mass shall be designed for 250°F ultimate. Ultimate design
conditions are either ultimate loads combined with limit heating effecis or ulti-
mate heating effects combined with iimit loads.

Deformations resulting from aero-thermal elastic effects at limit conditions
shall not effect adversely the aerodynamic or functional characteristics of the
vehicle. Nonsurvivable failure shall not occur under ultimate loads or under
limit loads for the unique situations where ultimate loads equal limit loads.

The design shall be based on a service life of one nominal mission. The
Re-~entry Module shall be re-usable after a minimum amount of refurbishment and
replacement of certain critical items,

All conditions in this report are limit conditions unless otherwise specified.

Man GBS dmme & oo s
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3,2 Boost Phase

The boost phase is defined as including all operations and environments
eiccuntered from the instant of launch vehicle engine thrust initlation until
shutdown and se;aration of the last stage (injection into orbit). The calcula~
tions for the design structural lcads and temperatures will be based on the two
bocst phase trajectories presented in Figures and Tables from 3,;,3 to 3.2f8.
The trajectories are essentially vertical for the first 20 seconds; then a
gravity turn is maintained throughout the remaining 129 seconds of first stage
burning. The maneuvering required for orbital control is accomplished during
the active second stage flight. The first trajectory 1is a nominal launch
with insertion at an altitude of 87 nautical miles, The second trajectory is
fomnominal in that the first stage thrust was assumed to be decreased by 3%
along with a -L2.8°/Hr. pitch gyro drift, The second trajectory results in

eritical boost phase temperatures. These trajectories are from References (8)

ad (9),

Loads during the boost phase shall be based upon (1) the effects of winds
and gusts &8 specified in Paragraphs 2.5 and 2.6, (2) a momentary guidance
failure that results in a 10 degree angle of attack at any altitude with rostoring
voments from maximum thrust vector deilection, or (3) a launch vehicle malfunction
which resulte in divergent angles of attack. The launch vehicle malfunction-
conditions shall be investigated and design loads defined so as to preclude re-
entry module structural failure prio:r to the completion of the ejection or abort
cperation, The effects of combining either the momentary guidance failurs condi-~
tion or the launch vehicle malfunction condition with the 84.1% (representative

of cne sigma values) wind shear inputs, as derived from Refcrence (3), shall be
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3,2 Boost Phase (Continued)

considered, However, the consideraticns for the momentary guidance failu:c
condition shall be limited by the thrust vector restoring mcment availadle to
maintain stable flight. For the malfunction conditions, the becost phase ghall te
considered ended when both astronauts have passed clear of the open hatch siruc-
ture during ejection or when the connection between the spacecraft and the booster
has been severed during retrograde rocket abort. Booster engines may or may not

be shut down for ejection, but they must be shut down for the retlrograce rocket

abort,

The altitude ranges through which ejection abort or retre;rade rockxet abort

conditions must be ccnsidered are presented in Section 3.7.

Atrospheric density variation shall be considered by increasing dynamnic

pressure in the nominal trajectory by 5%.
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0
10
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50
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L10

T5

80

90
100
110
120
130
140
148.5
| 149.7
{150

151

160
© 170
i 180
" 190
i 200
. 210
220
230
240
250
260
270
280
290
300
310
320
330
332.3
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TABLE 3.2.5
NOMIRAL BOOST TRAJECTORY FOR INSERTICON OF GEMINI SPACECRAFT

Na
g's

M E WO~

N O EFEFWW NN NN e e

.20
.36
RV
.53
.64
.76
.85
.68

AT AN ALTITUDE OF 87 NAUTICAL MILES

v

ft./sec.

0
106

236 .

393
586
825
1,116
1,457
1,657
1,861
2,412
3,063
3,842
b, 759
5,842
7,133
8,442
8,535
8,540
8,568
8,880
9,257
G, 666
10,110
10,591

11,112

11,679
12,293
12,961
13,650
14,489
15,369
16,345
17,437
18,672
20,088
21,7Tho
23,747

ol 279

TABULATED DATA

h
- feet

32
543
2,232
5,35k
10,162
16,865
25,626
36, 461
42,648
49,350
6k,292
81,183
100, 092
121,338
145,165
171,841
196,986
200, 725
201,686
20k, 786
232,128
261,321
289,24y
315,889
341,219
365,210
387,831
ko9, k6

)
k28,812
k7,078
k63,788
478,870
ho2,240
503,830
513,460
520,961
526,047
528,337
528,414

Flight
Path
Acceleration Velocity Altitude Angle

Degrees

90.0
89.8
89.7
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Dynamic (5% Increased
Pressure Density)
q q
p.s.f. p-s.f.

o) ‘0
13 1k
61 63

153 160
294 310
475 458
6Lo 681
759 T95
T 816
The T80
565 553
384 403
235 aht
137 1hh
76 80
b1 43
25 26
o2 23
21 22
19 20
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TABLE 3.2.8

MAXIMUM HEATING (OFF-NOMINAL) B72ST TRAJECIURY
FOR_INSERTIUN OF GEMINI SPACECRAFL AT A7 ATTT UDE 07 O7 V% pIcat
FITNT o TAOUTATED DATE
! Acceleration Flight Path Mach. Dynamie
Time Load Factor Velocity Altitude Angle dumber  Pressure
t Na v h M Q
Secor.ds g's ft./sec. feet Degrees PeSefa
Lo 1.26° 0 0 90 0 0
10 1.32 93 478 89.8 .08 10
20 1.40 208 1,563 89.7 .18 W8
b0 1.58 52l 9,000 7541 48 2L5
{50 1.69 7Ll 14,977 67.6 69 409
60 1.79 1,017 22,612 59.8 $96 596
70 1.58 1,337 32,550 52.8 1.32 737
i 80 2,07 1,727 Lk,113 h6.2 1.80 794
I HO.76 2,09 1,800 45,000 L5.2 1.85 500
90 2.32 2,213 57,422 39.6 2.35 694
100 2,00 2,81l 72,272 33.6 2,91 518
110 2.2 3,535 58,704 29.4 3.57 363
120 3.27 L, 382 107,071 26.2 4e 30 226
130 3.74 5,376 127,439 23k 5.05 134
' 10 he32 6,549 1Ly,882 21.0 5.99 77
| 150 5.11 7,952 174,533 18.9 7.19 L6
153.1 el 8,443 182,508 16.3 177 40
15h 1.2k £,532 165,051 18.2 7490 38
155 1.42 &,560 187, 70h 18,0 7.98 35
160 Lok &, (i 200,757 17.1 Beli3 23
170 1.53 9,125 226,265 15.1 Seli7 9
180 1.62 9,533 251,512 15.3 10,77 3
P1%0 1.70 9,976 276,538 b 11.78 1
200 1.80 10, 458 301,277 13.6 12,28 2
210 1.91 10,980 325,546 12.7 11,92 0
| 220 2,04 11,547 3L9,5L5 11.8 11.73 9
230 2.18 12,154 372,861 10.9 9.1 0
21,0 2.35 12,836 395,465 949 §.86 0
250 2.54 13,570 417,207 9.0 te35 0
260 2.76 14,376 437,913 8.0 t.l 0
270 3.03 15,254 457,373 7.1 6.0 0
260 3.36 16,250 W75,342 6.1 tel 0
290 3.77 17,354 hol, 519 5.0 6.2 0
300 lie26 118,505 505,512 3.9 5.5 0
310 4e 97 20,043 516, 807 2.8 6.9 0
320 7641 21,734 52l,733 l.o Yeb 0
330 7429 23,782 528,376 3 10.3 0
331,74 75k Eh,llB 52,1160 0 10.4 0
Martin-Marietta
Traiectory» 333
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3.3 Ortital Phase

The orbital phase is defined as beginning with the.termination of thrust
on the last launch vehicle stage and ending with the initiation of retro-
thrust to re-entry the atmosphere,

3.3,1 Orbital Phase Maneﬁver lLoads

The loading conditions encountered during this phase are the result of thLe

rendezvous maneuver, the actual docking and coupling with the Agena vehicle in
orbit and the orbital maneuvers performed after docking using the Agena vehicle
for propulsion, The design loads for this phase shall consider maximun thrust
and control power for conditions before and after docking. The criteria for
the actual docking maneuver and for the composite Gemini-Agena vehicl: are
covered in paragraph 3.4.

3,3.,2 Orbital Phase Meteoroid Hazard Analysis

The meteoroid environment presented in Section 2.7 shall be used to
establish the structural reliability of the orbiting wehicle in resistin
meteoroid penetration., The penetration equation that shall be used for linite

sheet thickness 1s as follows:

t P, v.]| 2/3
. o,
oren {3

and  ty =ty +t, <P: gs)
y

Lefinition of Symbols

t; = effective tanget sheet thickness that will just resist penetration, ca,
K = double-wall renetration factor from Figure 3.3.2 (Note: ty =ty and
K = 1,0 for single sheet targets)
L, - target sheet thickness, cm Vp = velocity of particle, km/sec
tg = shield sheet thickness, cm Ct = gpeed of sound in target raterial,
¢p = density of particle, gm/ce kn/sec

Pt = density of target matcrial, gm/cc Cs = gpeed of sound in shield material,

Ps = density of shield material, gm/cc lan/sec
: dp = diameter of particle, em
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3.4 Rendezvous Phase

Design doeking loads shall de those associated with any combination of
1.5 feet per second maximum relative longitudinal velocity, a ¢+ .5 feet per
second maximm relative lateral velocity, a t 10 vdegree per second maximm
relative rolling velocity, mismtch angles up to 10 degrees, and a maximum
lateral mismatch distance or. + 1.0 ft. Interactiom effects of the Gemini and
Agena control systems shall be considered.

After docking is completed, the combined Gemini-Agens vehicle shall be
designed to maneuver im orbit. The variatioas in weight of the two vehicles;
the maximm Agena thrust and gimbal angle; and any dynamic votfccts ineluding
those duwe to gimbel rate, thrust build up and decay retes, and flexibility of
the Genixﬁ/‘hrget Docking Aa-pter/x\g;m structure shall bde considered in the
design.

Refer to Appendix A for criteria pertaining to the Target Docking Adepter
during the rendezvous phase.
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3.5 Re-Entry Phase

The re-emtry phase criteria covers re-entry from both orbital and abort
conditions. From orbital conditions, thiec phase is initiated by applying retro-
grude thrust and begins at the instant the spacecraft is separated from the
retrograde section of the adapter. ¥From adort conditions, the re-emtry rhase
begins at the imstant the spacecraft is separsted from the retrograde sectionm
of the adapter after completion of the abort operation.

Structural design for re-entry from boost phase sbort shall be based on
the boost phase abort boundary showm in Figure 3.5.3. The boundary defines
combinations of flight path angle and velocity at vhich an abert may be initi-
ated 80 as not to exceed the design maximm re-entry load factor of 15 g's amd/
or the design meximwm heating rate of TO BIU/ft.°/sec., and also defines the
velocity range in which maximum 1ift must be used 8o &8s not to exceed the
design maximm re-emtry losd factor of 15 g's. A swmary of the five trajec-
tories selected as representative of the most critical combinations of loads
and heating rates is shown in Table 3.5.%. The variation of the significant
parameters with time from 400,000 ft. are shown on Figures 3.5.5 through 3.5.19.

Structureal design for re-entry from orbit shall be based on re-entries
using 1ift varying from gero to maximm from anywhere in the 161 mautical mile
circular orbit and from the 87 to 161 nauticel mile elliptical cordit except for
the region-60° prior to and after perigee where only re-emtries using zero
1ift will be used for design. The re-entry module shall be designed for all
structural loading and temperature ‘conditions encountered during these re-

entries.

NAY 2
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Plots of total heat which is an indicator for the structural temperatures
are shown on Figure 3.5.20 for re-entties from the design orbits. A summary of
some design trajectories are shéun in Table 3.5.21. The variations of the
significant parameters with time from 400,000 feet are shown on Figures 3.5.22
thru 3.5.39,

Restrictions imposed by off-design conditions such as re-entries from
perigee with other than zero lift, re-entries from dispersed orbits, and caseé
where only 3 out of 4 retrograde rockets are fired will be defined by an operating
boundary or envelope, HReference 11 discusses the ablation shield performance

limits for off-design conditions.,

Cab Ly Ce
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3,6 landing Phase

The landing phase is défined as including all operations starting from the
initiation of the recovery system deployment until the re-entry module 1s safely
on the ground or water. It covers drogue parachute deployment, pilot parachute
deployment, main parachute or paraglider deployment, steady state or maneuvering
descent, and surface impact considerations, All mass items shall be designed
for the shock and acceleration requirements of Section 3.12,

3.6.,1 Parachute landing Phase

Parachute landing system criteria are described herein for both the two
parachute system being used on the early spacecraft and the three parachute
system being developed for later spacecraft.

The ba;ic two parachute system consists of a ring-sail pilot parachute
18 feet in diameter and a ring-sail main parachute 84 feet in diameter. The
three parachute system consists of a conical type drogue parachute 8,3 feet in
diameter in addition to the identical ring-sail pilot and main parachutes used
in the basic system. The design loads for each parachute in the sequence are
based on deployment at the spacecraft terminal free-fall dynamic pressure of
120 psf. This condition i3 consistent with normal fully controlled re-entries
both from orbit and from the abort boundaries, For a normal fully controlled
re-entry, the spacecraft re-enters heat shield first with pitch and yaw ratz
damping operative. Designing all parachutes for this dynamic pressure insures
that in case of failure or malfunction of the drogue or pilot chutes, the
remaining systom can effect a safe recovery. The criteria for both systems

are susmarized in Table 3.6.1.
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Table 3.6,1
Parachute landing System
1 Pull
\ Deploy Limit (2)] Off
Dia, Altitude Load (3)| Angle
Configuration [Parachute [Type |Feet |Re-Entry | Feet Reefed | Lbs, k)| liax,
Two Chute Pilot Ring {18 |All 110,600 | Yes 3,000 45°
System Sail
Main Ring |84 |ALd (1) Yes 16,000 90°
Sail
Three Drogue Con- | 8,3 | Normal 50,000 Yes 3,500 50°
Chute ical Abort 40,000 | Yes 3,500 90°
System
Pilot Ring [ 18 [All 10,600 | Yes h;700 (o) 20°
Sail
Main Ring | 84 |All (1) Yes 16,000 | 90°
Sail
Notes: (1) Two seconds after pilot parachute deployment
(2) Nominal 1imit loads are based on a dynamic pressure (q) of 120 psf.
(3) Ultimate loads are 1,36 times limit loads
(4) Parachutes shall be qualified at a dynamic pressure 1.50 times
that used for design (Q-qual. = 1,50 X Qgesign = 180 psf).
(5) The increased load on the structure for this condition over the
. two-chute system is due to the fact that the drogue chute is still
attached when the pilot chute is deployed. The design limit load
for the pilot parachute is 3,000 pounds.

Mar BB 4. famal .



PMCDODONNELL

4 - [} P -
DATE 1 ray 1560 3T, LOUIS, MISSOUR) PAGE e 3
neviseo —A January 19605 REPORT o L
REVISED " MODEL eminl

In the basic two parachute system, the pllot parachute is deployed in a
reefed condition at an altitude of 10,600 + 750 feet. After a delay of approxi-
mately two seconds, the Rendezvous and Recovery Section is separated from the
spacecraft, The reefed bilot chute pulling the R & R Section away stretches the
main parachute lines deploying the main parachute'in a reefed condition. After &
short delay, the main parachute is then disreefed. The pilot chute is disreefed
6 seconds after deployment to reduce the probability of recontact of the R & R
Section and the main parachute canopy and/or the spacecraft.

In the tnree parachute system, the drogue parachute has becn added to
ensure spacecraft stability below an altitude of 50,000 feet. It is deployed in
a reefed condition at an altitude of 50,000 feet after re-entry from orbit and at
40,000 feet after re-entry fram launch aborts. At an altitude of 10,600 + 750
feet, the pilot parachute is deployed in a reefed condition with the drogue chute
attached in tandem. After a delay of approximately two seconds, the R & R Section
is separated from the spacecraft and the remaining portion of the sequence is
identical to that for the two parachute system. The probability of recontact is
further reduced bvecause of the added drag of the drogue chute in tandem with the
pllot chute. For the case where réte damping has been lost or degraded, the dyna-
mic .pressure at the drogue parachute deployment altitude can reach 1L5 psf. The
increased loads for this condition will be absorbed with the reduced factor of
safety noted in Section 3.l.

Spacecraft employing parachutes are designed for water landings only. To
hinimize water impact loads, the main parachute suspension bridles-have a provi-
sion for rotatiné the spacecraft to a position where the spacecraft Z axis is in-
élined at an angle of 55° relative to the parachute axis. Water impact loads shall
be those resulting from a vertical velocity of 30 fps combined with a horizontal

velocity from winds up to 51 fps plus the effect of parachute swing. The effect of

parachute swing shall be considered either as & horizontal velocity increment of
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1, fps with zero swing angle or a zero horizontal velocity increment witn 15
degree swing angle. A maximum wave slops of 9 degrees shall be considered. The
strength requirement for water landing capability is limited to the capability
to remain afloat for at least 36 hours per Reference (5) in a flotation attitude
in which the hatches are on the upper surface,

3.,6,2 Paraglider landing Phase

The paraglider landing system consists of a 8.3 .foot. diameter conical type
drogue parachute, the paraglider, and the skid type landing gear.

The drogue parachute is deployed at an altitude of 60,000 feet following
re-~cntry from orbit and at an altitude of 35,000 feet following a retrograde
abort, The design dynamic pressure shall be 125 psf. The drogue parachute is
attached to the Rendezvous and Recovery Section and'is Jettisoned with this
gection,

Paraglider deployment begins at an altitude of 50,000 feet following
re~entry from orbit, The paraglider assenbly is uncovered by the Jettisoning of
the Herdezvous and Recovery Section, It then goes through a sequence of partial
deployment, inflation of the stiffening members, and finally release to the
glide configuration. ILoads during the deployment sequence shall be investigated
and strength provided for all critical cases.

In the glide configuration, the spacecraft ahall be designed to maneuver
using the available rate and amount of center of gravity travel in both the
longitudinal and lateral directions. The nominal range of paraglider angle of
attack shall be 25 to 40 Qegrees with provision for 20 to 45 degrees.

The spacecraft landing gears shall be designed for the landing parameters
defined below using the weight defined in subsection 2.3.7.2. Wing 1lift ak}all be

considered in a rational manner. For landihg gear loading conditions, the factor
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3,6,2 Paraglider Larding Phase (Continued)

of safety shall be applied to the total energy to be abgsrted in the veriical
direction. The total energy shall include the kinetic energy due to sink speca
and the potential energy based on gear compression allowing for wing lifi. Tha

loads computed on this basis will be ultimate design loads for the landing

corditions,
landing Gear Design Parameter Fayimum Finimun
Sink spoed (limit) 10.0 fps 0
Horizontal airspeed 100 fps 50 fps
+ Fan g ot (o] B o !
Pitch attitude at contact . 0° (nose up) -15" (nose down)

(sngle measured between
the surface and the
spacecraft 2 axis)

Taw angle + 25 o°
Roll attitude + 100 ¢
Coefficient of friction 0,50 0,20

{at impact)

The values gquoted in the preceding table are extrecue valﬁes for cach ol the
individual parameters, These parameters shall be combined in a rational manner
for the landing gear design conditions, Alowable combinations of yaw anid roll
attitudes at touchdown are shown in Figure 2.6.4.

Sink spseds for yawed and rolled attitudes shall be determined from the
equation: Vunsym. P 1"52»@\. R,\? R‘f)
where Ry and R¢,are the yaw and roll sink speed factors from Figure 3.,6.5.

lateral force components on the gear shall be determined by using the

designation coefficients of [friction except where applicable tecst data indicates

g )

that this 1s not valid: however, design {eatures of the contact surface pencira-

! tion, or other special tendencies shall be accounted for in a rational manner,

{
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3.,6,2 Paraglider Landing Phase (Continued)

Paraglider water landings shall be based on the same sink specds, airspoeds,

o
and attitudes as ground landings., Wave slopes up to 9 shall be considercd., Tae

strength requirement for water landing capability is limited to the capability
to remain afloat for at least 36 hours per Reference (5) in a flotation attitude

in which the hatches are on the upper surface,
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The abort phase is defined as including all operations required to retirn §
. |
the astronauts safely to earth subsequent to a malfunction in the launch venicle o:

the spacecraft which requires termination of the mission.

3.7.1 Mode I (Eiection) Abort Fhase

Mode I aborts are accomplished with the use of the ejection seats.,
This mode of escape is used off-the-pad only after removal of the erector
tower and during the boost phase up to an altitude fo 70,000 feet. The ejection

seats may aleo be used for escape below an altitude of 60,000 feet following re-

entry from orbit and below an altitude fo 35,000 feet following re-entry after

Abort lode II1, The re-entry module surrounding the astronauts must rnaintein

structural integrity with the hatches open until both astronauts are clear,
The design loads for this phase shall ccnsider that the time interval required to !
complete the clection cycle (from the initial detection of the failure ircluding i
allowances for both human and system reaction times, system operating tine, and é
programmed delays) is short enough to preclude the vehicle reaching a strucnurallyg
catastrophic condition, The hatch operating loads and the election seat loads
for Mode I launch phase aborts shall be based on a total angle of attack ol 1%
in pitch and/or yaw. The overall vehicle loads for Mode I aborts shall rot exceed
the strength capablilities regquired by launch phase criteria defined in Section 3.2,
The Mode I abort sequence may be initiated by either astironauwt pulling nis
"D-ring", The hatches are opened by pyrotechnically powered actuators, Tné sceats
are then propelled along guide rails by separate pyrotechnically powered catapults,
Just prior to lcaving the rails, sustainer rockets attached tc each of the scats |
are fired propelling the seats clear of the spacecraft, The ejection secats shall

be designed for all forces resuliing from these operations.,
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3.7.1 Mode I (Ejectign) Abort Phase (Continued)

Seat-man separation is programmed to occur 1,03 seconds after the scat
Jeaves the rails. Five seconds after the seat leaves_ the rails, a ballute
attached to each astronaut's backboard is deployed. The design load f{or the
ballute shall be 3,750 pounds ultimate., The ballute is jettisoned at a pressurc
altitude of 7,500 + 700 feet.

The barostat controlling the persornel parachute deployment is armed ot
seat-man separation and the parachute is deployed 2.3 seconds after the barostat
5enses a pz;essure altitude of 5700 + 600 ft, The design load for the personnel
parachute shall be 5000 pounds ultimate. The ratio of ultimate to limit load .ia
defined in Section 3.1,

3,7.2 Mode II (Retrograde Salvo) Abort Phase

Mode II Aborts are acgomplished by terminating booster thrust, cevering
the adapter structure at Z Station 68.44, and firing the retrograde rockets in
salvo, This mode of abort is used at altitudes between 70,000 ft. and 522,000
{feet,. After burn-out of the retrograde rockets the retrograde saction is jJet-
tisoned; the re-entry module is turned to its nommal re-entry atiitude, and
following re-entry the landing system is deployed.

The spa.cecrai‘t.‘ shall be designed for all loads occurring during and after
separation from the launch vehicle. The time for completing the Mode II Abcrt
cycle shall include allowances for both human and system reaction times, system
operating times, and programmed delays. Abort re-entry trajectories are sho'wn
in Section 3.5.

3,7.3 Mode IXI (Separation) Abourt Phase

The Mode III Avort Puase covers abort requirements during the remaining
portion of the boost trajectory above 522,000 feet. ALorts during this pericd

sre accomplished by using the nomal mission separation, re-entry and landing
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2,7,7 Vade II(Separation)ibert Phase  (Continued)

sequences., The lMode III Abcrt sequence is as follows: The launch veillle

1

[oS

abort re-entry trajectory, and following re-centry the landing syster

L‘)
v

s

The abort boundaries are chown on Figure 3.5.3.

3,8 lHoistine and Transportatic

operations and 3.0 for the capsule plus trapped water during recovery ..icr a

water landing. The vehicle as packaged for shipping shall be decicned Jor the
following ultimate accelerations applied to supporiing fixtwres ceparailoly
Transportation by aircraft with the accelerations in the carrier circralt
6.0g Vertical (upward)
2.25g Lateral ()
3.Cg Longitudinal (aft)
The spacecraft Z axis shall be parallel to the aircraft longitudinal axis
ard the other spacecraft axes shall be oriented as determined by the desirn of
the shipping fixtures.

349 Pressurization

ultimate (burst) and 3.0 psi ultimatc (collapsing).

Tho cabin leakage rate shall be measured at sea level using nitrosca ot a

Oadadyy I

snall be 61.023 cubic inches per minute (1000 cc/min.) for Spacecralt io. 1 and

Noo 2 and 30.511 cubic inches per minute (500 cc/min.) for Spacc.

thrust is terminated, the adapter structure is severed at the normal scparation

The holsting limit load factor is 2.0 for the spacecraflt during poc-launch

For structural design the cabin pressure shall be considered to be 12.0 psi

plane, the rendezvous maneuvering system 1s fired to provide scparation velceliiy,

the retrograde rockets may or may not be fired as required to attain tie degired

s cenloyed.

temperature of 70°F and a cabin pressure of 5.1 psig. The allowzble ieuikaze rate

-t Lo, 3 and up.

2

!
i
!
{
|
¢
3
i
J




MCDORNRIELL

oate 15 February 1962
reviseo 1 May 1964

REVISED Janua

$T. LOUIS, MISSOURL

t

p

R

M

EPORT 8516
ober __Gemind

3.10 Controls

(loads are referenced to

The design loads for control handles, levers, and knobs shall be as follows:
limit Load With Reaction At
Primary Controls Stops Switches or Vzlves
Attitude Control Grip | —
Pitch Moment 133 in. lb. Sufficient to
create 100 1lbs.
Side (Roll) 100 1b. minimum at switches
Twist (Yaw) 133 4in. 1b, i
(Pitch and yaw loads are referenced to Grip Pivot axis and Side loads are
referenced to center of grip.)
Abort Handle
Side 50x (3 + lever 18"83§>1b. cufficient to
3 create 100 lbs.
Fore/Aft 50 1b, min. to 150 1b., max.| minimum at switches
(loads are referenced to center of knob.)
Maneuvering Handle
+
Vertical, Side and 50x (1 lever length\y, Cufficient to
create 100 1lbs,
Fore/Aft 50 lbo min. to IOO lbo max. minilnmn at SWitCheS

ition.)

Environmental Controls

Levers

center of knob in unstowed pos
ver lengt

1 + le
Ox
5(3

50 1b, min., to 100 1b. max.

BY1p.

3x pilot opercting
but not less than
70 1b. or less than
that sufficicnt to
create 100 lbs,

minimum at valves,

e

levers

(loads are referenced to

Other Controls - Genergl

1 + lever length 1b.
3

50 1b, min. to 150 lb. max.

50x

center of grip or knob.)

]

Not applicable

Push-Pull Handles
.(loads are referenced to

100 1bs,
center of knob or ring.)

Not applicable

Rotating Knobs

Not applicable

(load is not applicable to knobs operating electrical switches.)

100 in, 1bs,

T
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3,11 Seats and Harness

The landing load factors shown on Figure 3.11.2 shall apply to the harness
used to restrain the astronauts, to the seats, and to the attachment of the
seats to the primary structure., The magnitude of the design ultimate inertia
load vectorAia consistent with an acceleration of LO g's but is terminated as
a function of direction such that the components do not exceed the values
shown in Figure 3.11,2. The seats, seat equipment, and harness shall also be
designed for ejection free flight conditions, stabilization device loads and
personnel parachute loads as applicable.

3.12 Shock and Acceleration Epvironment

The shock and acceleration environments for design of the spacecraft
equipment and support structure as defined in Reference (6) and (7) are
sumnarized in Table 3.12. For the special case of parachute water landing with
RCS fuel tanks full, the tank supports shall be designed for the actual
accelerations resulting from water impact. The limit values to be used, as
estimated for t£e spacecraft c.g. from model test data, are ng = 12.0, ny = 1.6,
8 =110 radians/second? for heat shield first landings, and ng = -4.6, ny = 12.0,
€=110 radians/second? for cone first landings.

3,13 Vibration and Acoustic Environment

The vibration and acoustic environments to be used for the design of the
spacecraft equipment and support structure as described in References (6) and (7)
are defined in Table 3.13 and in Figures 3.13.2 and 3.13.4.
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TABIE 3,12
SHOCK AND ACCELERATION ENVIHJINMINT
FOR EQUIPMENT AND EUIPMENT SUPPORT DESIGN
Transportation,
Station Operational Phases H;.ndling,'
o Stor
section Accelerations and “torage
Shock Shock and
From To Launch| Abort [Re-entry | ,...leration
Rendezvous @ w6 i
& Kecovery|191.97 | 239.00] Not Applicable 2 @ w33 . Lo
Module =18 ln%aw £ A~
V12 |4AE 3 SES
7 w |l - o = @ O3
5 ?3 5§ |2 %0 5 PR a
§ o jdge@ o g g &
he N{o | O & L5
Reaction larding - s ol g 5T E =239
Control 30 g's along the |2 ol B ® 5 8 E 3 :3
Module 160.00 } 191.97 | ¢/C longitudinal |® ol o fég a ¢ g HE
and axis and 30 g's |Q *185 |53 5 - g %
Upper along either the |2 i ?,"é 2 a1 .94
Cabin S/C vertical or | a3 *E’b £S E 5 ,2’)4 G
Section lateral axis, 11 |* gl 1¥ed = 45 o
millisecond L £19 |9 .5 ~ B d
duration 0 al 8 {o°Ff 5 )
e Blo |S73 & *3 o %
- }E 8 v: &0 B ;j Q E? 7] fg
.3 |8y |§E8T o %8
838 lolS W7 v 5% A
Main landing - 3 ™ -l w |o % 2 b © & 3
Cabin 103.44 | 160.00| Use ultimate A | % (Wt o S % v 2
Section values shown in |3y o Sl lo ?:’;“, S s Q2 g
Figure 3.11.2 -2 wl N &S % ®» Wi &
g0 Nl a - o |
hdapter 5 % ~ g 5 B 5
Retrograde] 68.44 | 103.44[ Not Applicable 35 I e ] A
Section oo ~i° 8 2 - %

A : £ P ) 3 ! b
Adapter 9 w0 -9 8 4 = o
Equipment| 13.44 | 68.44| Not Applicable 3 & b 2 o R
Section 2395 < 5 2

NOTES: 1. Ultimate load is 1.36 times limit load. ‘

2. Satisfactory performance is required during and/or after limit load
application whichever is appropriate. This applies to all environ-
ments except landing shock. Only rescue equipment is required to give
satisfactory performance after being subjected to the landing shock
environment. No equipment shall tear loose from its mounts and inter-
nal parts shall be contained under application of ultimate loads.

3. Testing to the critical lateral load factor shall be as stated in
Heference (6) or as called out in the SCD.

@ Does not combine with other load factors.

5. The load resulting from a positive longitudinal load factor is

directed aft.

MAr PR IAFVW 3 A A
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TABIE 3.13
VIBRATION AND ACOUSTIC ENVIRONMENT FOR
EQUIPMENT DESIGN
Vibratio

Sinusoidal - Equipment having major resonances which can be determined

Random -

Note

accurately by conducting sinusoidal sweep tests shall be

designed to withstand vibration in aceordance with the table

below,
Frequency level
10 - 15 cps 0.2 inches double amplitude
15 = 100 cps t3e
100 - 500 cps | . *5¢g
500 - 2000 cps +8¢g

Equipment items such as hermetically sezled instruments,
mechanically complex electronic equipment and other mechanically
complex items, where accurate determination of resonances cannot
be achieved by sinusoidal testing, shall be designed to with~
stand the random vibration environment as defined by one of the

spectrums given in Figures 3.13.3 and 3.13.4.

Testing to the critical vibration or acoustic environment

shall be as stated in Reference (6) or as called out in the SCD,

MMar~ emas 8
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TABIE 3.13  (Cont.)

VIBRATION AND ACUSTIC ENVIRONMENT FOR

UIPMENT DESIGN

Acoustic Noise_

Frequency Sourd Pressure lLevel
Octave Bands (cps) ——— D ¥ es/cm?
Cabin Equipment Inside
Area Bay Adapter External
37.5 to 75 - 120 122 . 124 131
.75 to 150 - 123 128.5 131 139
150 to 300 - 127 135 139 14,8
300 to 600 - 130 140 149 159
600 to 1200 - 128.5 138.5 152 162
1200 to 2400 - 125 135 1L6 157.5
24,00 to 4800 _— 121.5 131.5 140 153
4,800 to 9600 — 118 128 134 1,8.5
Over - All - 135 145 155 165
Note: Testing to the critical vibration or acoustic environment shill be

as stated in Reference (6) or as called out in the <CD.
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FIGURE 3.13.3
GEMINI SPACECRAFT VIBRATION PSD
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FIGURE 3,13.4
GEMINI SPACECRAFT VIBRATION PRD
(ADAPTER BIAST SHIELD REGION)
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